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Details 



Title of Invention 

EL Device 
Area of Claims 

(1) EL device, where sintered ceramic material of high dielectric constant is used for 
insulator layer, electrode is placed on one side of insulator layer, and at least luminescence 
layer and transparent electrode are formed on opposite side of same insulator layer, is 
characterized by the fact that insulator surface, where luminescence layer and transparent 
electrode are formed, is polished as mirror or almost as mirror. 

Detail Explanation of Invention 

(Application Area in Industry) 

This invention relates to improvement of luminescence brightness characteristics of 
alternate current driven EL device. Device is used as end part of self illuminating display 
information equipment or surface light source. It relates especially to AC driven EL 
device using sintered ceramic material of high dielectric constant as insulator layer. 

(Prior Art and Problems) 

New type of low voltage driven EL device with structure very stable against insulator 
breakdown, or thin film ceramic insulator EL device, has been reported on p. 73 in 
Proceedings of 1985 International Display Research Conference (Conference Record of the 
International Display Research Conference 1985). One example of cross section view of 
basic structure of thin film ceramic insulator EL device is shown in Fig. 3. 

In Fig. 3, 4 is ceramic substrate, 1-3 are parts of ceramic substrate 4. 1 is ceramic 
substrate base, 2 is internal electrode made of platinum or silver-palladium alloy, 3 is high 
dielectric ceramic insulator layer made of perovskite compound of PST, BaTi0 3 or PbTi0 3 
series. 7 is thin film luminescence layer, made of ZnS containing such luminescence 
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center as Mn ? TbF 3 , SmF 3 , Pr F 3 , vapour deposited on ceramic insulator layer 3. using such 
method as vacuum vapour deposition or sputtering vapour deposition. 9 is transparent 
electrode film made of such material as ITO, formed on luminescence layer 7. 10 is 
alternate current source to drive EL device and it is connected to internal electrode 2 and 
transparent electrode 9. 

Example shown in Fig. 3 is so called single insulator type, but it may have double insulator 
structure with thin film insulator layer of such material as Y 2 0 3 or Ta 2 0 5 inserted between 
luminescence layer 7 and transparent electrode 9. 

Principle of luminescence of thin film ceramic insulator EL device will be explained next. 
Luminescence layer 7, shown in Fig. 3, can be considered a simple condenser before 
starting luminescence. Alternate current voltage from alternate current source 10 is 
applied across interior electrode 2 and transparent electrode 9. Voltage, responding to 
each static capacity, is added between luminescence layer 7 and ceramic insulator layer 3. 
When electric field added to luminescence layer 7 is sufficiently large (approximately 
larger than 10 6 V/cm ), electrons are excited in conductive belt of luminescence layer 7. 
Excited electrons are accelerated by electric field and collide with luminescence centers 
with sufficient energy. Light, having unique energy value of particular luminescence 
center, will be emitted when electrons from luminescence centers, excited to appropriate 
energy level by collision, return to ground state.. In reality, luminescence spectrum has 
certain width because of such effects as mutual effect with crystal lattice. When Mn, TbF 3 , 
SmF 3 , Pr F 3 are used as luminescence centers, yellowish orange color, green color, red color 
and white color are observed, respectively. 

This luminescence principle of thin film ceramic insulator EL device, shown in Fig. 3, is 
not different from that of AC driven thin film EL device of prior art, where thin film 
insulator layer and luminescence layer are formed on glass substrate ( SID 74 Digest of 
Technical Papers p. 84). However, large reduction in driving voltage and very high 
stability against insulator breakdown have been achieved owing to ceramic insulator layer 3, 
several 10's jam thick, of very high dielectric constant. It is expected to become low cost 
surface light source or luminescence display device. 

(Problems which Invention tries to Solve) 

As described above, thin film ceramic insulator EL device can be driven by low voltage and 
it has very high stability against insulator breakdown. However, when applied voltage is 
increased slowly, increase in brightness is slower than that of thin film EL device of prior 
art, fabricated on glass substrate. Simple matrix system is used in dot matrix panel for 
display purposes using thin film EL device of prior art. In this system, steeper is initial 
increase in brightness responding to applied voltage increase, higher is display quality and 
better is contrast, without luminescence error. Also, because distinction between 
luminescence and non-luminescence can be done by very small voltage modulation, 
electrical power required to distinguish luminescence from non-luminescence is small, and 
it is convenient. Therefore, compared with thin film EL device of prior art, thin film 
ceramic insulator EL device, which has slow rise in brightness responding to applied 
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voltage, was disadvantageous and not suitable for dot matrix panel using simple matrix 
system. 

(Method to Solve Problems) 

According to this invention, EL device has sintered ceramic body of high dielectric 
constant, used as insulator layer, and electrode, formed on one side of this insulator layer, 
and at least luminescence and transparent electrode layers, in this order, on other side. EL 
device, which is characterized by the fact one insulator surface where luminescence and 
transparent electrode layers are formed is polished as mirror or approximately as mirror, 
can be obtained. 

(Operation of Invention) 

We were successful in improving rate of increase in brightness, in thin film ceramic 
insulator EL device of prior art, at beginning of voltage application, to almost as sharp as 
that of thin film EL device of prior art. This was done by polishing ceramic insulator 
surface, where thin film is to be formed on, as mirror or approximately as mirror. We 
discovered causes for poor rise in brightness in ceramic insulator thin film EL device and 
we have achieved, for the first time, ceramic insulator thin film EL device with sharp rise in 
brightness. In thin film ceramic insulator EL device, thin film layers used to be formed 
directly on surface of sintered ceramic insulator layer, and electric field accumulated in dip 
of grain boundary on ceramic insulator surface. Because of this, luminescence started 
from grain boundary area when applied voltage was increased. When voltage was 
increased further, luminescence also started from above crystalline particles in addition to 
grain boundary, and luminescence eventually spread over whole surface area causing 
luminescence to start unevenly on luminescence surface, depending on different applied 
voltage. This was causing slow increase in brightness, and was different from thin film 
EL device of prior art, where whole surface starts to show luminescence uniformly. By 
polishing ceramic insulator layer surface as mirror or almost mirror, electric field 
accumulation at grain boundary dip was eliminated. As a result, non-uniform voltage at 
start of luminescence over surface area was eliminated, and increase in brightness became 
better and closer to that of thin film EL device with glass substrate of prior art. 

(Embodiment) 

This invention will be explained using figures. Figure 1 is structure cross section of one 
application. In Fig. 1, 1 is ceramic substrate. Mixture of alumina and boro-silicate glass, 
frequently used materials, was used as ceramic material. 2 is internal electrode of 
approximately 3 um thick, made of inexpensive silver-palladium alloy. 3 is ceramic 
insulator layer of high dielectric constant, and its thickness was 35 um. Any material 
which has high dielectric constant, such as PZT series, BaTi0 3 series or PbTi0 3 series, may 
be used. In this application, compound perovskite containing Pb was used because low 
temperature sintering was possible. Relative dielectric constant was very high and 1 5,000 
at room temperature. Ceramic substrate 4 was obtained by sintering ceramic base 1, 
internal electrode 2 and ceramic insulator layer 3, described above, together. 5 is mirror 
surface of ceramic insulator layer of this invention. In order to obtain mirror surface, it 
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was polished lightly with #6000 SiC polishing powder, then it was finished with buff and 
diamond paste. Surface roughness was 0.05 Dm ~ 0.15 Dm. 6 is intermediate layer 
which prevents diffusion of harmful metal ions from ceramic insulator layer 3 to 
luminescence layer 3. At the same time, it improves brightness characteristics of the 
device, and it was made of film 0.3 jim thick with mixture, TaSiO (Ta 2 0 5 ) and Si0 2 , by 
sputtering method on ceramic insulator layer 3. 7 is luminescence layer formed on 
intermediate layer 6 by vacuum vapour deposition method, and was made of ZnS 
containing approximately 1 mol % Mn. The thickness was 0.4 mm. 8 is insulator layer 
formed on luminescence layer 7, and was made of same TaSiO using same method as layer 
6. The thickness was 0.2 Dm. Transparent electrode 9 made of ITO was formed on 
surface of insulator layer using sputtering method. Figure 2 shows voltage-brightness 
characteristics of two EL devices; one manufactured as described above and another using 
the same lot material but surface of ceramic insulator layer was not polished. In Fig. 2, 
(A) is characteristics of EL device without polishing ceramic insulator layer, and (B) is that 
of this invention where thin film was formed after polishing ceramic insulator layer surface 
as mirror. In (B), luminescence starting voltage was higher but the increase in brightness 
in response to applied voltage increase, or the rise of brightness, was faster and it was 
suitable for matrix drive. The effectiveness of this invention was clear. 

Materials to fabricate thin film ceramic insulator EL device, size and fabrication method 
were described only to confirm the effect of polishing ceramic insulator layer surface as 
mirror and they are not limited to those in application of this invention. 

In this example, thin film ceramic insulator EL device, with intermediate layer 6 and 
insulator layer 8, was discussed. However, this invention is, of course, effective with 
device without one or both of intermediate layer 6 and insulator 8. 

It is also possible to delete ceramic base 1 , and to make ceramic insulator layer 3 thicker 
and mechanical strength of only insulator layer 3 is strengthened, or to laminate this to 
separate reinforcing board. 

(Merit of Invention) 

As described above, increase in brightness at beginning of voltage application has been 
improved, therefore, luminescence characteristics reaching matrix drive has been 
obtained by EL device using ceramic sintered body of high dielectric constant as insulator 
layer, and polishing the surface, of insulator layer where thin film is to be formed, as mirror 
or almost mirror. 



Brief Explanation of Figures 

Figure 1 shows cross section of ceramic insulator thin film EL device application 
demonstrating this invention. Figure 2 shows voltage v.s. brightness characteristics of 
ceramic insulator thin film EL device and that of thin film ceramic insulator EL device of 
prior art. Figure 3 shows cross section of ceramic insulator thin film EL device of prior 
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